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Abstract 
Although there has been a high relationship between global climate and rainfall in Indonesia, but little evidence is available for 
relationship among global climate indices, rainfall and crop yield to determine cropping pattern. This study evaluates the 
relationships between global climate indices, which are representative by Southern Oscillation Index (SOI) and Sea Surface 
Temperature (SST) Nino3.4, rainfall distribution pattern and crop yields in Banyumas district, Central Java, Indonesia. Monthly 
SOI was collected from the Bureau of Meteorology, Australia, then SST Nino3.4 was collected from National Oceanic and 
Atmospheric Administration (NOAA), and monthly rainfall data was collected from Agricultural Government of Banyumas 
district. Artificial Neural Network (ANN) and Empirical Orthogonal Function (EOF) are used in prediction of rainfall, statistical 
analyses is using to determine the correlation among global climate indices, rainfall pattern and crop yields. For cropping pattern 
recommendation in each sub district based on climatic water balance, which has significant correlation between SOI-SST and 
crop yields. The result shows in macro scale, mostly sub-district has significant correlations between global climate indices and 
crop yields. In regional scale, prediction of rainfall using ANN and EOF were more reliable in rainfall analysis than rainfall-SOI 
or rainfall SST Nino3.4 analyses. Based on climatic water balance, and recommendation in cropping pattern are 1) paddy-
corn/soybean-paddy 2) paddy-corn/soybean-corn/soybean and 3) corn/soybean-corn/soybean-corn/soybean. 
 
© 2015 The Authors. Published by Elsevier B.V. 
Peer-review under responsibility of the organizing committee of IC-FANRes 2015. 
Keywords: Global Climate Indices; Rainfall Pattern; SOI; SST; Cropping Pattern; Artificial Neural Network 
 
 
* Corresponding author. Tel.: +62-274-589797; fax: +62-274-589797. 
E-mail address: bayu.tep@ugm.ac.id 
 2016 The uthors. Published by Elsevier B. . This is an open access article under the CC BY-NC-ND license 
(http://creativecommons.org/licenses/by-nc-nd/4.0/).
Peer-review under responsibility of the organizing committee of IC-FANRes 2015
55 Bayu Dwi Apri Nugroho and Laela Nuraini /  Agriculture and Agricultural Science Procedia  9 ( 2016 )  54 – 63 
1. Introduction 
Research on El Nino and its relation to agriculture is highly necessary because El Nino has been recognized as 
one of major causes of agricultural production failures. Harger (1995) has reported that El Nino occurrences had 
delayed rice harvest in Indonesia and exacerbated food security. The abnormal weather caused by this event had 
seriously disturbed the fundamental modes of crop cultivation and damages the production of food and other 
commodities in the affected areas. Irawan (2002) had found that about 58% of wetland rice-producing (sub-district) 
in Java suffered from cultivated area losses in 1997, with an average extent of cultivated area losses of about 6.9% 
each sub-district. In dry land rice producer areas, the losses were about 52% with an average extent of area decrease 
of about 19.0% each sub-district. However, we note that the highest extent of wetland area decrease (above 10% 
each sub-district) were mostly located in highland regions. Therefore, it is important to study the effect of El Nino 
surrounded by highland area, especially in Indonesia. 
Agricultural crops production in Indonesia is sensitive to weather and influenced by the global Southern 
Oscillation Index (SOI), Sea Surface Temperature (SST) pattern and topography condition. Global Sea Surface 
Temperature variations on tropical Indian Ocean have been linked to rainfall variations across Indonesia (Saji et al. 
1999). Variations of rainfall distribution in each region cause variation in agricultural cropping pattern. However, 
investigation in global climate indices SOI-SST and agricultural cropping pattern in local scale has not been done 
yet, and it is important to investigate correlation between global climate indices, which is representative by SOI and 
SST, rainfall pattern and local cropping pattern. 
In this paper, we analyze the cropping scenarios based on global climate indices, which is represented by SOI and 
SST Nino3.4, and predicted rainfall in Banyumas district, Central Java, Indonesia. This work aims to describe which 
sub district of the study area are sensitive to the change of global climate indices. The result may contribute to better 
understanding of cropping pattern based on global climate indices and predicted rainfall against small region of the 
study area. 
2. Study Area 
Our study area is Banyumas district, one of districts area in Central Java, Indonesia (Fig. 1). Banyumas district is 
located in the Southwest and parts of Central Java Province. Location of Banyumas District (108°39’17’’-
109°27’15’’S, 7° 15’05’’-7°37’10”E) and bordering with the Indian Ocean. The total area of Banyumas 
approximately 1327.60 km2 or equivalent to 132,759.56 ha, with the state of the area between the mainland and 
mountains with mountain structure consisting of a portion of the valley Serayu for agricultural land, mostly plateau 
to the settlement and its grounds, and partly mountainous plantations and tropical forests located south slope of 
Slamet Mountain. 
3. Data and Methods 
We used data from 20 of the 27 sub districts, from which adequate data were available (Fig. 1). Rainfall data from 
20 districts are used in the prediction of rainfall in 2014, 2015 and 2016 with MATLAB.  
SOI and SST from 1981 to 2009 were used to represent global climate indices for this study. Monthly averaged 
SSTs of the El Niño monitoring region: Niño 3.4 (50N-50S, 1200-1700E) regions were acquired from the NOAA 
(National Oceanic and Atmospheric Administration). SOI data  (Southern Oscillation Index) is obtained from the 
Bureau of Meteorology, Australia website. Data production of major food crops (rice, corn, soybean) Banyumas 
obtained from BPS (Central Statistics Agency), Central Java. Among global climate indices Association (SOI and 
SST, rainfall and crop yields) was evaluated using Pearson's Correlation. 
We assumed that climatic influences on crops yields generally occurred at a higher frequency than that of non-
climatic. However, in order to avoid reliability issues and errors associated with the data, the observed crop yields 
were detrended using a low-pass spectral smoothing filter (Nugroho et al., 2013) with a 5-year moving average. For 
the analysis, we calculated crop yield residuals (Martinez et al., 2009) as follows:    
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Fig. 1. Map of Banyumas district, Central Java, Indonesia 
While the residuals maintain the trend of each data set, each was regularized (mean=0) to enable direct 
observation of statistical fluctuation of the crop yields for each sub-district. 
For the analysis, at first, we re-calculated the values of SOI and SSTs by averaging their 6-month values for each 
rainy season (October-March). Here, October is the onset of the rainy and the beginning of the planting season in 
Gunungkidul (Sardjiman and Mulyadi, 2005). Finally, we performed linear correlation analyses to identify 
significant relationships between the crops yield residual of each sub-district with the SOI and SST Nino3.4. Using 
the resulted significant indices, we perform prediction of rainfall using Annual Neural Network (ANN) and 
Empirical Orthogonal Function (EOF). For the last stage, we perform cropping pattern scenarios in each sub 
districh, which have significant indices.                                      
4. Results 
4.1. Correlations among global climate indices, rainfall and crop yields 
Correlation of global climate indices with crop yield residuals is shown in Table 1.  SOI was negatively 
correlated with crop yield residuals of paddy and corn in Kalibagor, Patikraja and Sumbang, and of corn in 
Sumbang. SST Nino3.4 shows negative correlation with crop yield residuals of corn in Wangon, Jatilawang, 
Sumpiuh,, Banyumas and positive correlation of soybean in Kebasen, Kemranjen, Sumpiuh, Tambak, Patikraja, 
Purwojati, Cilongok and Purwokerto. Also, SST Nino3.4 was positive correlated of paddy in Somagede, Kalibagor, 
Patikraja, Sumbang and kembaran. From the results of correlation, we can be known districts affected global climate 
indices that are made on cropping patterns based on the needs of the water. In this study, we choose six-sub district 
for the next analysis due to availability of the data. 
 
yresidual =
yobserved
ysmoothed
−1
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Table 1.  Pearson’s correlation between the global climate indices (SST Nino3.4 and SOI) and crop yield residuals (paddy, corn and soybean) for 
each district of the study area. 
  Wangon Jatilawang Kebasen Kemranjen Sumpiuh Tambak Somagede Kalibagor 
Nino3.4 vs crops                 
Corn -0.57 -0.56 -0.09 0.6 -0.61 -0.40 -0.02 -0.33 
Paddy 0.34 0.27 -0.06 0.21 0.42 0.28 0.6 0.64 
Soybean 0.33 0.57 0.55 0.67 0.62 0.59 0.42 0.45 
SOI vs crops                 
Corn 0.5 -0.38 0.08 -0.34 0.46 0.29 -0.15 0.32 
Paddy -0.28 -0.33 -0.02 -0.29 -0.42 -0.27 -0.46 -0.52 
Soybean -0.16 -0.3 -0.32 -0.43 -0.41 -0.29 -0.21 -0.21 
 
  Banyumas Patikraja Purwojati Cilongok Sumbang Kembaran Purwokerto 
Nino3.4 vs crops               
Corn -0.50 -0.34 -0.38 -0.43 0.5 0.07 0.28 
Paddy 0.22 0.61 0.42 -0.08 0.54 0.52 -0.31 
Soybean 0.55 0.64 0.52 0.62 0.1 0.36 0.68 
SOI vs crops               
Corn 0.5 0.34 0.25 0.36 -0.50 -0.16 -0.10 
Paddy -0.25 -0.50 -0.32 -0.25 -0.54 -0.39 0.09 
Soybean -0.25 -0.33 -0.24 -0.38 -0.04 -0.18 -0.43 
*Significant at p < 0.05. 
4.2. Prediction Rainfall using Artificial Neural Network and Empirical Orthogonal Function 
In our study, three analyses were used in prediction of monthly rainfall for 2015 and 2016, which is rainfall, 
rainfall- SOI and rainfall-SST Nino3.4 (Table 2).  
The prediction results show the value of rainfall different in each treatment to the value of training results 
Regression plot approaching 1 and RMSE that small. Results of the validation of the prediction data with actual data 
of 2014 in District Jatilawang gained 1.15 RMSE values for treatment only with precipitation, 1.02 for treatment 
with the effect of SOI and 1.53 for treatment with the influence of Nino 3.4 index for the SST. This is consistent 
with the model RMSE values respectively, are 0.0839, 0.0419 and 0.0912, which is the smallest RMSE value in the 
treatment of the 2nd and the largest treatment is treatment of the 3rd. 
The prediction to be a good results if the value of R close to 1 and RMSE values close to 0. The value of R can be 
seen from the plot where the regression line Ft closer to the line Y = T then the value of R closer to 1. The value of 
RMSE can be seen in the plot where the line train and Performance line validation increasingly similar and adjacent 
hence its RMSE values closer to 0. If the train line rose significantly compared to the validation line is said in the 
training process has occurred over fitting. The result of prediction The correlation between rainfall data, SOI-SST 
Nino3.4 and crop yields can be known if the value of the correlation is negative, it is known that the negative 
correlation of data occurs, and otherwise. 
Categories of high rainfall and low rainfall in the three treatments did not show any rainfall anomalies, except for 
predicting the effect of SST where peak rainfall occurs during the dry season in 2016 and rainfall decreases occurred 
from October to December 2015 were supposed to have entered the rainy season. There are several sub-districts 
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known to be affected either positively or negatively. Such as Sub-district Wangon, Ajibarang, Kembaran, Sokaraja, 
Kemranjen, Somagede, Purwojati and Sumbang. 
Table 2. Prediction of rainfall using three analyses: rainfall, rainfall-SOI and rainfall-SST Nino3.4 
 
 
Fig. 2a shows high rainfall occurred in month 12, 13 and 23, and less rainfall occurred in month 19, 20 and 21. 
As we know that month 12 is December 2014 and less rainfall in month 20 is August 2015. So this result indicated 
the same results from Ahmad (2012) that dry season occurred from April to September and the less rainfall occurred 
in August. Fig. 2b shows the high rainfall occurred in month3, 12 and 23 then less rainfall occurred in month 19, 20 
and 21. The highest rainfall occurred in month 12, which is December 2014 and the less rainfall occurred in month 
19, which is July 2015. This result is same result with rainfall predicted using rainfall. Fig. 2c shows the high 
rainfall occurred in month 28 and 33 then less rainfall occurred in month 22, 23 and 24. The highest rainfall 
occurred in month 28, which is April 2016 and less rainfall occurred in 22 and 24, which are October 2015 and 
December 2015. This result is inappropriate with dry and wet season in Indonesia, which dry season occurred from 
April to September and wet season from October to March (Ahmad, 2012). The difference result due to influence of 
Nino3.4 value. In this case, maybe Nino3.4 not suitable with conditions in Banyumas district. 
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Fig. 2. Result of EOF from rainfall prediction using ANN from 2014 to 2016: a. Rainfall Analysis, b. Rainfall-SOI Analysis, and c. Rainfall-SST 
Nino3.4 Analysis 
4.3. Characteristics of rainfall pattern 
In our study, we assumed that rainfall distribution pattern in Banyumas district is influenced by topography. So, 
we analyzed rainfall distribution pattern in predicted result 2014 to 2016 with three treatments: rainfall, rainfall-SOI 
and rainfall-SST Nino3.4. 
Fig. 3a, 3b and 3c shows rainfall distribution pattern map basen on raw and predicted rainfall in 2014 to 2016 
using rainfall analysis, rainfal and SOI analysis, and rainfall and SST Nino3.4 analysis. The result shows only 
rainfall analysis have same pattern between raw and predicted rainfall. The other hand, two analyses, predicted 
rainfall with SOI and predicted rainfall with SST Nino3.4 have not same pattern with raw of rainfall. It was 
indicated that global climate indices (SOI and SST Nino3.4) give influence to the predicted rainfall and for these 
global climate indices were not significantly correlated with rainfall in Banyumas district. 
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Fig. 3. Rainfall distribution pattern map in raw and rainfall predicted using three analysis: a. rainfall analysis, b. rainfall-SOI analysis and c. 
rainfall-SST Nino3.4 
Fig. 3a, 3b and 3c shows rainfall distribution pattern map basen on raw and predicted rainfall in 2014 to 2016 
using rainfall analysis, rainfal and SOI analysis, and rainfall and SST Nino3.4 analysis. The result shows only 
rainfall analysis have same pattern between raw and predicted rainfall. The other hand, two analyses, predicted 
rainfall with SOI and predicted rainfall with SST Nino3.4 have not same pattern with raw of rainfall. It was 
indicated that global climate indices (SOI and SST Nino3.4) give influence to the predicted rainfall and for these 
global climate indices were not significantly correlated with rainfall in Banyumas district. 
4.4. Cropping pattern scenario 
Water needs of crops of rice, corn, and soybean differ in each period of growth depends on the value of ETo and 
Kc value crops. The value of Kc (crop coefficient) crops of rice, corn, and soybeans derived from CropWat 8.0 
software. Calculation of water requirements of this crop uses ETo values have been obtained. The first 
recommendation is cropping rice-rice-corn, the second recommendation was rice-soybean-rice, and last 
recommendation is rice-corn-soybean. 
ETo value on Table 3 shows water requirement in Banyumas district. Climatic water balance was used to analyze 
relationships between rainfall and ETo. In our study, predicted rainfall from 2014 to 2016 was used to analyze 
climatic water balance. The result climatic water balance shows rainfall distribution pattern in Banyumas district in 
surplus or deficit condition. 
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Table 3. ETo value in Banyumas district 
Month 
Temperature RH 
% 
Wind Speed 
Km/Jam 
Solar radiation 
Jam 
ETo 
mm/month Min °C Maks °C 
January 22,8 30,9 83 31 5,3 116,25 
February 22,9 31,3 83 31 5,4 107,52 
March 22,7 31,5 81 32 6 121,52 
April 22,6 32 82 36 7,1 118,2 
May 22,6 32 79 28 7,6 113,77 
June 21,8 31,7 78 39 8 106,5 
July 20,9 31,3 75 41 8,5 114,08 
August 20,8 31,8 72 46 8,8 127,41 
September 22,1 31,3 71 51 8,2 130,8 
October 23,1 33 73 49 7,4 139,5 
November 23,2 31,9 79 80 6,3 128,7 
December 22,6 30,5 80 70 4,6 113,15 
 
Table 4 shows cropping pattern scenario in each sub district in Banyumas district. The result shows mostly sub 
district, paddy is dominant in planting season one (PS1) in-predicted year 2015 and 2016, except for Somagede sub 
district.  
Table 4. Cropping pattern scenarios in some sub district, which has significant correlation between global climate indices SOI-SST Nino3.4 and 
crop yield residual at Banyumas district. 
No Sub district Cropping pattern scenario 
2014 2015 2016 
1. Wangon Paddy-corn/soybean-
paddy 
Paddy-corn/soybean-
paddy 
Paddy-corn/soybean-
paddy 
2. Kemranjen Paddy-paddy-paddy Paddy-corn/soybean-
paddy 
Paddy-corn/soybean-
corn/soybean 
3. Somagede Corn/soybean-
corn/soybean-
corn/soybean 
Paddy-paddy-paddy Corn/soybean-
corn/soybean-
corn/soybean 
4. Purwojati Corn/soybean-
corn/soybean-
corn/soybean 
Paddy-corn/soybean-
corn/soybean 
Paddy-corn/soybean-
corn/soybean 
5. Sumbang Paddy-corn/soybean-
Paddy 
Paddy-corn/soybean-
Paddy 
Paddy-corn/soybean-
Paddy 
6. Kembaran Corn/soybean-
corn/soybean-
corn/soybean 
Paddy-corn/soybean-
corn/soybean 
Paddy-Paddy-Paddy 
 
5. Discussion 
In this study, we have revealed significant relationships between global climate indices, which is represented by 
SOI and SST Nino3.4 and crop yields residual in Banyumas district. The result shows correlations between SST 
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Nino3.4 and crop yield has significant correlation than SOI and crop yields. On the other hand, prediction of rainfall 
has significant correlation only with rainfall, using SOI or SST Nino3.4 not significantly pattern. Rainfall in 
Indonesia has significantly correlated with SOI (Trenberth and Shea, 1987; Trenberth and Hoar, 1996), but in this 
case at Banyumas district or in local scale, this correlation is not suitable.  
Our results open the possibility to predict long-term crop yields to some extent because methods to predict 
seasonal SOI and SST have been well developed. Future SOI can be effectively predicted using a polynomial 
function applied to the time series of the past SOI with the aid of Hilbert transform and empirical mode 
decomposition (EMD) procedure (Salisbury and Wimbush, 2002). On the other hand, SSTs can be predicted using 
JMA's (Japan Meteorological Agency) El Niño prediction model (Ishikawa et al., 2005), a coupled atmosphere-
ocean model that consists of an atmospheric general circulation model (AGCM) and an ocean general circulation 
model (OGCM).  
The results of this study may be used to select suitable cropping pattern and crops with higher resistance to the 
extreme changes of the global indices. Our methods to analyze the scenario of cropping pattern based on global 
climate indices may apply to areas with similar topography and climate field in Indonesia and to other areas over 
Indonesia.  
Future research must be analyzed relationships crop yield with other global climates indices, especially SST 
Nino1, 2, 3, 4, Nino.West and IOBW (Indian Ocean Basin Wide) or combination of it to find suitable global climate 
indices, which influences in agricultural sector. 
6. Conclusion 
In this study, we have investigated cropping pattern scenario based on global climate indices, which is 
represented by SOI and SST Nino3.4 in Banyumas district, Central Java, Indonesia. The correlation between SOI-
SST Nino3.4 and crop yields shows mostly sub districts in Banyumas have significant correlation between SST 
Nino3.4 and crop yields. In prediction of rainfall using ANN and EOF shows prediction using rainfall analysis more 
reliable than rainfall and SOI or rainfall and SST Nino3.4 analyses. For some sub districts, based on climatic water 
balance, and recommendation in cropping pattern are 1) paddy-corn/soybean-paddy 2) paddy-corn/soybean-
corn/soybean and 3) corn/soybean-corn/soybean-corn/soybean. 
Finally, using our methods in our study, we can predict cropping pattern from fluctuation of global climate 
indices, especially SST Nino3.4 and predicted rainfall. It will become important information for the improvement of 
agriculture in Indonesia. 
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